Spin casting is an effective method to produce concrete pylons, masts or pipes. Through the centrifugation process the concrete is compacted and the desired shape, mostly round or ellipsoidal, is obtained. The pre-cast elements made using conventional concrete generally have to be reinforced with steel bars which are susceptible to corrosion. Furthermore, the placement of the steel reinforcement is time consuming and hence expensive and leads to rather thick and heavy structural elements. The application of short fiber reinforced cement (FRC) or mortar, as presented in this paper, is a suitable alternative for such weak-loaded bending elements. Special requirements regarding workability and strength have to be considered. Optimization of cement matrix was achieved with a blend of microfine cement and ordinary Portland cement, improving the rheological properties of the fresh mixture and resulting in a very dense cement matrix with excellent mechanical properties. Reinforcement with different kinds of short fibers of carbon and polyvinylalcohol was studied. Flow properties of the FRC were optimized with regard to the centrifugation process applying a new cone-consistency test. The mechanical properties of conventionally cast specimens and of centrifuged prototypes were investigated.
INTRODUCTION
Cementitious materials are known to be very brittle in bending and tension, with small strength and strain capacity. To overcome the brittle behavior of concrete a steel reinforcement is usually necessary in order to use concrete as a construction material. Pylons, masts, pipes, pillars and other building elements may be produced of steel bar reinforced concrete applying a spin-cast method [1, 2] . The specially designed steel bar reinforcement is placed into a mould, the
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1359-5997 9 2005 RILEM. All rights reserved. doi:10.1617/14328 concrete is poured over it and then the mould is closed and rotated around its symmetry axis. The application of reinforcement of the concrete in such elements with steel bars is time intensive and expensive, susceptible to corrosion when the cover is too small and hence leads to relatively thick and heavy structural elements. The substitution of the steel bars by high performance short fibers may allow to produce thinner, lighter and cheaper elements. A much more efficient production would be possible [3] . The fiber reinforced cementitious (FRC) material should show very high strength in flexure and tension and must have rather specific workability to be formed by the resulting centrifugal forces and to acquire sufficient green body strength to prevent disintegration.
A prerequisite for the development of FRC is an appropriate, optimized cement matrix [4] . The matrix should combine properties such as low porosity, high density, and excellent mechanical properties. It can be obtained by combining two or more binder components with different size distributions [5] . The addition of microfme cement to the ordinary Portland cement improves the rheological properties of the fresh mixture and will lead to a dense cement matrix with high strength [6] .
Short, high performance fibers are added to increase the flexural and tensile strength as well as the ductility of the cement matrix. From the processing point of view, the workability of the fresh cement mix containing fibers is very important. Fibers tend to stiffen the mix. The problem of obtaining good fiber dispersion and consistency becomes more demanding for very low water/binder ratios (w/b < 0.25).
For the centrifugation process, the fiber cement mixture is required to be thixotropic, which means that it should flow during the spinning process and get stiff after the centrifugation. The fibers should move well during the centfifugation, in order to reach a homogeneous distribution in the matrix. Care has to be taken that no segregation of any mixture component occurs during centrifugation. For this reason and because of their corrosion tendency, metallic fibers are not suitable to be applied owing to their high density. Carbon and high performance polyvinylalcohol (PVA) fibers were used instead [7] [8] [9] .
properties are given in Table 1 . The fibers were added to the fresh pastes and mixed another 2 minutes in the same mixer. The rheological properties of the fresh fiber composite was analyzed applying a cone-consistency test where a conical measuring bob is moved at a constant velocity of 0.5 mm/s into a hollow cone filled with the fresh mixture. The resulting force is recorded as function of the displacement [11] .
The production of the spun-cast elements was done under real conditions on a fabrication line of SACAC AG, Lenzburg Switzerland. The mix design of centrifuged pipes (diameter 200 mm, wall thickness 25 mm, total length 2 m) and the rotation speed are given in Table 2 . The composites were mixed using a conventional concrete mixer. The pipes remained in the mould for 1 day and were then stored under water.
Additionally, spun-cast lighting pylons (conical, diameter top end 90 mm, diameter bottom end 163 mm, length 4.2 m) were fabricated. The mix design is given in Table 3 . The rotation speed at the spindle was set to 741 -784 rpm, which 
MATERIALS AND METHODS
In order to improve the mechanical and rheological properties of the cementitious matrix, a blend of microfine cement based on blast furnace slag with ordinary Portland cement CEM I 42.5 N was used [10] . Conventionally cast prisms (25 x 25 x 100 mm 3) and spin-cast elements were produced. The pastes for the prisms and the characterization of the rheological properties were prepared using an EN 196-1 type mortar mixer. A polycarboxylate type superplasticizer (solid mass content 32%) was added. The time of mixing was 3 min at 62.5 rpm according to . Two different fiber types (carbon and PVA) were used as mechanical reinforcement of the cement paste. Their 
